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I57)  ABSTRACT

Compounds of formula (D,

o

“or an N-oxide or pharmaceutically accept_ﬁble salt _-
-thereof, wherein R} is hydrogen, Cj.7 alkyl, C3.7 cyclo-
- alkyl, C4.7 cycloalkenyl or Cj.4 alkyl substituted by Ca.7

alkenyl, Cz.7 alkynyl, Cs.7 cycloalkyl, hydroxy, thiol,

Ci4 alkoxy, Ci4 alkylthio, carboxy, Ci4 alkoxycar-

bonyl, Ci4 alkanoyl, amino optionally substituted by

- one or two Ci4 alkyl or by Cq.6 polymethylene Optlon-' -

- ally containing an oxygen or nitrogen atom, aminocar- .

- bonyl optionally N-substituted by one or two Cj4alkyl,
“or benzoyl or phenyl either being optionally ring-sub- .

. stituted by Ci4 aikyl, C1-4 alkoxy, halogen or trifluoro-
- methyl, R2 and R3 are the same or different and are =

- hydrogen, hydroxy, C;4 alkyl, C;4 alkoxy, Ci.4 alkyl- -

- thio, halogen or trifluoromethyl, mis 1to3andnislor

2, the hydrogen atom bonded to the C; carbon atom .

being trans to the hydrogen atom bonded to the C,

~carbon atom, having mood-modlfymg activity: such as i

antl-depressant activity.

2 Claims, No Drawin_gs o
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_ 1
- PENTACYCLIC COMPOUNDS
This application is a diirision of 'co-pendmg U.S. pa-

tent application Ser. No. 472,218, ﬁled Mar 4, 1983,
now U.S. Pat. No. 4,504,480.

This invention relates to novel -pentacychc com-
pounds having pharmacological activity, to processes

and intermediates of use in their preparation, to pharma-
ceutical compositions containing them, and to their use
in the treatment of mammals.

U.K. Pat. No. 1 173, 783 dlscloses compounds of for-
mula (A), | -

(A)

| 'Wherein' Rz and Rc-each represent a hydrﬂgcn-'or'halo-'

‘gen atom, a hydroxy, lower acyloxy, alkyl or alkoxy

4,585,588

S

10

15

wherein Ry, R, Rrand B are as deﬁned- in relétion to

formula (B) above, and D and E are either hydrogen or :

together represent a double bond between the nitrogen

- and carbon atoms to which they are attached, and func-

20

s

. group, or a trifluoromethyl group, R represents hydro-

- gen, a lower alkyl or aralkyl group, an aminoethyl or 39

aminopropyl group N-substituted by one or more lower

alkyl groups, or a lower alkyl group forming a substitu-.

ent of an N-containing heterocyclic ring, the said ring
being directly bonded to the nitrogen atom of the piper-
‘azine ring, and A represents a single bond, or a methy-
lene, ethylene or —CH=CH-- group.

- U.K. Pat. No. 1,229, 252 dlscloses compounds of for? s

mula (B),

(B)

35

tional derivatives thereof. Such compounds are dis-

“closed as having sedative, tranqulhslng and antl-dcprcs-

sant activity. -
U.S. Pat. No. 4,316,900 dlscloses compounds of for-

mula (D);

and salts thereof dérived' from pharmaceutically accept- ' |

able acids or ammonium or alkali metal bases, wherein

~ Rp, Rjand Ry are each hydrogen or lower alkyl, R;is -
 hydrogen, lower or higher alkyl, lower alkenyl, lower
- alkynyl, C3.7 cycloalkyl cycloalkenyl or lower alkyl

substituted by cycloalkyl, hydroxy, amino, mono- or
di-lower alkylamino, carboxy, lower carbalkoxy, car-

~bamoyl, mono- or di-lower alkyl carbamoyl, phenyl, '

~ lower alkanoyl or benzoyl, Ph is 1,2-phenylene unsub-

45

stituted or substituted by up to two members selected L

from lower alkyl, lower alkoxy, lower alkylthio, halo-

gen and trifluoromethyl, G is lower alkylene separating

- both nitrogen atoms by 2 or 3 carbon atoms and R, is

- hydrogen, lower alkyl, carboxy, lower carbalkoxy or .

- lower alkyl substituted by hydroxy, amino, mono- or

- 50

wherein Rz and Ry represent hydrogen, halogen, hy-

droxy, acyloxy, lower alkoxy or lower alkyl or trifluo-
romethyl, R, represents hydrogen, lower alkyl, lower
 aralkyl, aminoethyl or aminopropyl optionally N-sub-

stituted by lower alkyl, or lower alkyl substituted by a .
. mtrogen—contammg heterocyclic ring, and B represents

oxygen, sulphur, or NRg, Rg representing lower alkyl.

- The compounds of formulae (A) and (B) are disclosed
as having anti-inflammatory, anti-serotoninic, anti-his--
taminic, anti-phlogistic and cardiovascular activities. In

addition, the compound of formula (A), wherein R, and

R are both hydrogen, Rpis methyl and A is methylene,

~is commonly known as mianserin and is marketed as an

~ anti-depressant agent for the treatment of dcpressmn in
mammals.

35

di-lower alkylamino, and the lower alkoxycarbomyl, =

lower or higher alkanoyl, adamantoyl, carbamoyl,
mono- or di-lower alkylcarbamoyl, C3.7 cycloalkylcar-

- bonyl or benzoyl derivatives thereof, and the 2-N-oxide, -

2-lower alkyl or 2-phenyl lower alkyl quaternaries and
salts thereof derived from pharmaceutically acceptable
aclds or bases. Such compounds are described as anti-

~ depressant agents suitable, for example, in the treatment
or management of mental depression in mammals. -
A structurally distinct class of compounds has now -
- been discovered which compounds are dibenz[b,e]aze- '

pines in which the azepine nitrogen atom and the aze-

- pine carbon atom adjacent thereto are joined with Cj.3
alkyleneaminomethylene to form a 5- to 7-membered
ring, characterised by a methylene or ethylene bridge

- from the carbon atom of the aminomethylene moiety to

65

U.K. Pat. No. 1,229,253 discloses compounds of for-

. mula (C)

the carbon atom of the benzo moiety that is in the ortho-
position to the azepine ring and that is on the same side

- as, and three carbon’s distance from, the azepine nitro-
gen atom, the bridge thus forming a 5- or 6-membered

©
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ring. Such compounds, moreover, have been found to
have pharmacological activity, in particular mood-
modifying activity, such as anti-depressant activity.
Accordingly, the present invention provides a com-
pound of formula (I); 3

(I)

10

15

or an N-oxide or pharmaceutically acceptable salt
thereof, wherein R is hydrogen, Ci.7 alkyl, Cs.7 cyclo-
alkyl, Ca4.7 cycloalkenyl or Ci.4 alkyl substituted by Cs.7 "0
alkenyl, C,.7 alkynyl, Cs3.7 cycloalkyl, hydroxy, thiol,
Ci4 alkoxy, Ci4 alkylthio, carboxy, Ci.4 alkoxycar-
bonyl, Ci4 alkanoyl, amino optionally substituted by
one or two Ci.4 alkyl or by C4.¢ polymethylene option-
ally containing an oxygen or nitrogen atom, aminocar- s
bonyl optionally N-substituted by one or two Cj.4alkyl,
or benzoyl or phenyl either being optionally ring-sub-
stituted by Ci4 alkyl, Cj.4 alkoxy, halogen or trifluoro-
methyl, Ry and R3 are the same or different and are
“hydrogen, hydroxy, Cij4 alkyl, Ci.4 alkoxy, Cj.4 alkyl- 30
~thio, halogen or trifluvoromethyl, mis1to3andnis 1 or
2, the hydrogen atom bonded to the C, carbon atom

‘being trans to the hydrogen atom bonded to the C,
carbon atom.

Within the definition for R is a sub-group, wherein 35
R1 1s hydrogen, Ci4 alkyl, C;.4 alkyl substituted by
- amino optionally substituted by one or two Ci4alkyl or
“ by C4.¢ polymethylene optionally containing an oxygen
or nitrogen atom, or Cji4 alkyl substituted by phenyl
‘optionally substituted by Ci.4 alkyl, C;4 alkoxy, halo- 40
gen or trifluoromethyl.

When Ry is Cj.4 alkyl substituted by phenyl option-
ally substituted as hereinbefore defined, examples of
such optional substituents include methyl, ethyl, me-
thoxy, ethoxy, fluoro, chloro, bromo or trifluoro-
methyl. Preferably, phenyl is unsubstituted.

When Rjis Ci.4 alkyl substituted by amino optionally
substituted as hereinbefore defined, examples of such
optional substituents include methyl and ethyl and,
together with the nitrogen atom, piperidino and mor-
pholino.

Preferably, R s hydrogen or Ci4 alkyl, in particular
Ci1-4 alkyl, such as methyl and ethyl.

Within the definition for R; and Rj is a sub-group, 55
wherein R, and Rj3 are the same or different and are
hydrogen, Ci4 alkyl, Ci4 alkoxy, halogen or trifluoro-
methyl.

Preferred examples for R and Rj3 are hydrogen, hy-
droxy, methyl, ethyl, methoxy, ethoxy, bromo, chloro, ¢g
- fluoro and trifluoromethyl. Preferably, Rj is hydrogen,
methoxy, hydroxy, methyl or chloro and Rj3 is hydro-
gen.

Preferably, m is 1 or 2.

Preferably, n is 1. 65

45

50

4

such enantiomers individually and as mixtures including
racemates.

Particularly preferred compounds within formula (I)
are the compounds of the examples described hereinaf-
ter or an N-oxide or pharmaceutically acceptable salt
thereof. The most preferred compound of formula (1) is
trans-12-methyl-1,10,11,12,12a, 12b-hexahydro-5H-
9b,12-diazabenzo{$5,6]cyclohepta(l,2,3,4-def]fluorene,
which 1s the compound prepared in Example 1, or an
N-oxide or pharmaceutically acceptable salt thereof.

An N-oxide of a compound of formula (I) includes
the oxide of either nitrogen atom shown in formula (I)
and the oxide of any nitrogen-containing substituent for
Ri.

A pharmaceutically acceptable salt of a compound of
formula (I) includes an acid addition salt of either nitro-
gen atom shown in formula (I) and of any nitrogen-con-
taining substituent for R, the acid addition salt being
derived from a pharmaceutically acceptable inorganic
or organic acid, such as hydrochloric acid, hydro-
bromic acid, sulphuric acid, maleic acid and acetic acid.
A pharmaceutically acceptable salt of a compound of
formula (I) also includes alkali metal or alkaline earth
metal salts of any carboxy-containing substituent for R;.
Examples of such salts include potassium, sodium, cal-
cium and magnesium salts.

The present invention also provides a process for
preparing a compound of formula (I), as defined herein-

before, which comprises cyclising a compound of for-
mula (II);

(IT)

N
II{1'

wherein Ry, R3, m, n and the configuration of the C,
and Cp hydrogen atoms are as defined hereinbefore, R’
1s Rj or C;4 alkoxycarbonyl, phenoxycarbonyl or ben-
zyloxycarbonyl and G is formyl, carboxy or a Cj.4 alkyl
ester thereof or 1s CHL{, L1 being a leaving group; in
the case when Ry’ is Cy4 alkoxycarbonyl, phenoxycar-
bonyl or benzyloxycarbonyl, converting Ry’ into Ry; in
the case when G is formyl, carboxy or a Cj.4 alkyl ester
thereof, reducing the resulting carbonyl or hydrox-
ymethylene moiety to a2 methylene moiety; optionally
converting Ry, R> or R3 in the resulting compound of
formula (I) into another R, Rz or R3; and optionally
forming an N-oxide or pharmaceutically acceptable salt
thereof.

Preferred examples of the leaving group (L) include
hydroxy, bromo, chloro, Ci4 alkoxy, C;4 alkanoyloxy,
Ci-4 alkoxycarbonyloxy, tosyloxy and mesyloxy.

When the leaving group (L) is hydroxy, C;.4 alkoxy,
Ci-4 alkanoyloxy, Ci.4 alkoxycarbonyloxy, tosyloxy or
mesyloxy, or when G is formyl, carboxy or a Ci4 alkyl
ester thereof, the cyclisation reaction is preferably car-

The compounds of the invention have chiral centres ried out in the presence of a dehydrating agent, for
at the C;and Cpcarbon atoms and therefore can exist in example orthophosphoric acid or methane sulphonic
enantiomeric forms. The present invention extends to acid containing phosphorus pentoxide.
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When the leavmg group (LI) is bromo or chloro, the

4 583, 588

cyclisation reaction is preferably carried out in the pres-

“ence of a Lewis acid, such as aluminium trichloride.

When R’ is Ci4 alkoxycarbonyl, pheoxycarbonyl or
benzyloxycarbonyl, the process proceeds through an

intermediate of formula (I,

(I11I)

wherein R>, R3, m, n and the configuration of the C,

.. and Cphydrogen atoms are as defined herembefore and

" Ryis Ciy4 alkyl phenyl or benzyl.
. The conversion of the C;4 alkoxycarbonyl, phenox-

by aminocarbonyl optionally N-substituted by one or
two Cj.4 alkyl by, for example, first forming the carbox-
ylic acid halide, such as the chloride, and then reacting

the acid halide with ammonia Optlonally substituted by
- one or two Cj.4 alkyl; and the conversion of Ci.3 alkyl
. substituted by aminocarbonyl optionally N-substituted

by one or two Cj.4 alkyl into Cj4 alkyl substituted by

- amino optionally substituted by one or two Ci.4 alkyl by

10

reduction.

An important sub-class of an optlonal conversion of
R11s that in which a compound of formula (I), wherein

R;is hydrogen, is converted into another compound of .

- formula (I), wherein R is as follows:

15
alkyl halide in a solvent, such as acetone, in the presence

~ of a base, or by reductive C;.7 alkylation in which a

20

:ycarbonyl or benzyloxycarbonyl group into Ry may be
- carried out in accordance with any appropriate known

- procedure. For example, the group may be hydrolysed
- with concomitant decarboxylation using ethanolic so-

~ dium hyroxide to give a compound of formula (I),
- wherein R; is hydrogen, which may then optionally be
converted into another Rj, as described hereinafter.
Alternatively, the group may be reduced using, for

~ example, lithium aluminium hydride in a solvent, for

25

(a) wherein R is Cj.7 alkyl, by alkylatlon wrth aCi7

mixture of a compound of formula (1), wherein R is
hydrogen, and a Cj.7 aldehyde is reduced catalytically

or with sodium cyanoborohydride in a solvent, such as | o

ethanol, or by C,.7 acylation using a carboxylic acid
chloride or anhydnde in a solvent, such as methylene

dichloride, in the presence of an organic or INOrganic

base, for example pyridine, triethylamine or potassium
carbonate, and then reduction of the C,.7 acylated de-

'nvatwe with, for example, lithium aluminium hydride;

(b) wherein R is C3 7cycloalkyl, by reductive alkyla-
tion, as described in paragraph (a) usmg a C3-7 cy-

 cloalkanone;

30

~ example, ether or tetrahydrofuran, to give a compound

of formula (I), wherein R is methyl.
When G is formyl, carboxy or a C1.4 alkyl ester

thereof the process proceeds through an lntermedlate'_'

of formula (IV);

 wherein Ri', Ry, R3; m,-:n_- and_' the conﬁguration of the

Cqand Cp hydrogen atoms are as defined hereinbefore
‘and J is CO or CHOH, when G in formula (II) is car-

boxy oraCiy4 alkyl ester thereof, or is CHOH when G
~in formula (II) is formyl.

- The reduction of the resulting carbonyl or hydrox-
- ymethylene moiety may be carried out using, for exam-

ple, catalytic hydrogenation. |

- Examples of an optional conversion of Riin a com-
| pound of formula (I) into another R; include the con-
version of Ci.4 alkyl substituted by hydroxy into Ci4
~alkyl substituted by thiol by, for example, first forming
 a Ci4alkyl halide, such as the chloride, and then react-

- ing the Cj4 alkyl halide with potassium hydrogen sul-
‘phide, or into Cj4alkyl substituted by C1.4alkoxy using,

for example, sodium hydride and a Ci.4 alkyl halide; the

‘conversion of Cj.4 alkyl substituted by thiol into Cj.g4

: - alkyl substituted by Cj.4 alkylthio using, for example, a
base and a Cj.4 alkyl halide; the conversion of C;j4 alkyl

(c) wherein R 1s Cs.7 cycloalkenyl by rcactlon with -

a Ci.7 cycloalkenyl halide, such as a Cs.7 cycloalkenyl -

bromide, when the halide atom is allylic, or by reduc-

~ tive alkylation, as descnbed in paragraph (a) usmg a "
- Cs.7 cycloalkenone; |

335

avy

(d) wherein Rj1s Cy4 alkyl substltuted by Cz 7 alkcnyl
or Cs.7alkynyl, by reaction with a C,.11 alkenyl or Cs.1j

- alkynyl halide, such as a Ca.1; alkcnyl or Co.11 alkynyl

‘bromide, in a solvent, such as acetone, in the presence of -

-a base, such as potassium carbonate;

(e) wherein R is Cy4 alkyl substituted by C3 7 cyclo-- ' |

| -alkyl by acylatlon w1th a compound of formula (V);

45

50
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65

~ substituted by Ci.4alkoxycarbonyl into Ci4alkyl substi- -

~ tuted by carboxy by hydrolysis; the conversion of Ci4

' ~ alkyl substituted by carboxy into Cj.4 alkyl substituted

IB—(CHz)QCOLz :

(CHZ)p

inwhichpis1to5,qis0Oto3and Lyisa leavmg group, -
such as chloro, and then reduction of the acylated de-
rivative, as described in paragraph (a); o
(f) wherein R is C1-4alkyl substituted by hydroxy, by -
. reaction with aqueous formaldehyde when Rj is ‘hy-

| droxymethyl by reaction with ethylene oxide when R} SR
is hydroxyethyl, or by Michael addition with ethyl -
acrylate or by reaction with ethyl w-bromobutyrateand =~
reduction of the ester with lithium aluminium hydride
~when R is respcctwely hydroxypropyl or hydroxybu-
tyl; - |
(g wherem Ri1is Ci4 alkyl substltuted by Ci4 alkoxy-' o
_carbonyl by reactlon with a compound of formula (V I) o

Ls—(CHz)r—COst

in.which_ Rs is .C1.4 alkyl, Lsisa lkeavihg_group,- such as : |
bromo, and r 1s 1 to 4, in a solvent, such as methylene =

dichloride, in the presence of a base, or by Michael

- addition with a Cj4 alkyl acrylate when Rj is ethyl ;

- substituted by Ci4 alkoxycarbonyl
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(h) wherein R is Cj.4 alkyl substituted by Cj.4 alkan-
oyl, by reaction with a C;.4 alkanoyl Ci4 alkyl halide or
by Michael addition with a Ci.4 alkyl vinyl ketone when
R 1s ethyl substituted by C;.4 alkanoyl;

(1) wherein R is Cj4 alkyl substituted by amino op- 5
tionally substituted by one or two Cj4 alkyl or by Cy.¢
polymethylene optionally containing an oxygen or ni-
trogen atom, by reaction with a compound of formula

(VII); |
10

Ls—(CH3),~NRgR7 | (VII)

in which R¢ and R7 are hydrogen or Ci4 alkyl or to-
gether are C4.¢ polymethylene optionally containing an
OoXxygen or nitrogen atom, L4is a leaving group, such as 15
chloro, and r 1s as hereinbefore defined, in a solvent,
such as acetone, in the presence of a base, or by reaction
with bromoacetyl bromide, reaction with HNRgR7, Rg
and Ry being as defined hereinbefore, and then reduc-
tion, as described in paragraph (a), when R; is ethyl 29
substituted by amino optionally substituted by one or
two Ci4 alkyl or by C4s polymethylene optionally
containing an oxygen or nitrogen atom,; |

(J) wherein Ris Ci.4 alkyl substituted by aminocarbo-
nyl optionally N-substituted by one or two Ci4 alkyl, 25
by reaction with a compound of formula (VIII);

Ls—(CH>),—~CO—NRgRg (VIII)

in which Lsis a leaving group, such as halide, in partic- 30
_ ular bromude, r 1s as hereinbefore defined and Rgand Rg
are hydrogen or Cj.4 alkyl:

— e

(k) wherein R is Ci.4 alkyl substituted by benzoyl or

- phenyl either being optionally substituted by Ci.4 alkyl,

C14 alkoxy, halogen or trifluoromethyl, by reaction 35

- with the correspondingly substituted Cj.4 alkyl halide,
~ such as the bromide.

The present invention extends to all of the above
conversions, whether singly or in combination, and to

the intermediates used therein, which together are of 40
formula (IX);

(IX)

45

30

wherein Rj, R3, m, n and the configuration of the C,
and Cp hydrogen atoms are as defined hereinbefore and
Rio1s Cj-4 alkyl substituted by halogen or halocarbonyl 55
or 1s Ci4 alkylcarbonyl, Cs.7 -cycloalkylcarbonyl, C3.7
cycloalkyl C;.3 alkylcarbonyl or halo C;.4 alkylcarbo-
nyl.

When R 1n formula (II) is a functional group that
may possibly interfere with the course of the reaction or 60
that may not possibly survive it, then it is preferred to
carry out the preparation of a compound of formula (1)
with R; as hydrogen and subsequently to convert the
hydrogen atom into the desired group for R; by, for
example, one or more of the conversions described 65
hereinbefore.

An example of an optional conversion of R or R3in
a compound of formula (I) into another R; or R3 is the

8

conversion of Cj4 alkoxy into hydroxy using, for exam-
ple, aqueous hydrobromic acid.

The optional formation of an N-oxide may be carried
out by reacting a compound of formula (I) with an
organic peracid, such as m-chloroperbenzoic acid.

The optional formation of a pharmaceutically accept-
able acid addition salt of a compound of formula (I) may
be carried out by simple reaction of a compound of
formula (I) with a pharmaceutically acceptable acid.

The optional formation of a pharmaceutically-accept-
able alkali or alkaline earth metal salt of a compound of
formula (I), wherein R is a carboxy-containing substit-
uent, may be carried out by reaction of a compound of
formula (I) with an alkali or alkaline earth metal or the
hydroxide thereof.

The present invention provides a second process for
preparing a compound of formula (I), as defined herein-
before, which comprises reacting a compound of for-

mula (X);

(X)

wheretn R1’, Ry, R3, n and the configuration of the C,
and Cp hydrogen atoms are as defined hereinbefore,
with a compound of formula (XI);

L7—(CO)s—(CH2)—(CO}),—Lg (XI)

wherein L7 and Lg are leaving groups, s and u are 0 or
1 and t is O to 3 such that s4-t-+uis 1 to 3; in the case
when s or u is 1, reducing the carbonyl moiety to give
a methylene moiety; in the case when R’ 1s Ci.4 alkoxy-
carbonyl, phenoxycarbonyl or benzyloxycarbonyl, con-
verting R’ into Ri; optionally converting R, Rz or R3
in the resulting compound of formula (I) into another
R1, Rz or R3; and optionally forming an N-oxide or
pharmaceutically acceptable salt thereof.

Preferred examples of the leaving groups (L7 and Lg)
include halo, such as chloro and bromo, C;.4 alkoxy,
and labile acyloxy, such as mesyloxy and tosyloxy.

Preferred examples of a compound of formula (XI)
include diethyl oxalate, bromoacetyl bromide, methyl
bromoacetate, dibromoethane, oxalyl chioride and
phosgene. Apart from diethyl oxalate which is used
neat, all these compounds are reacted with a compound
of formula (X), when R’ is other than C;_4 alkoxycar-
bonyl, phenoxycarbonyl or benzyloxycarbonyl, in a
solvent, for example, benzene, toluene, methylene di-
chloride, dimethyl sulphoxide or diethyl ether, in the
presence of an organic or inorganic base, for example
triethylamine, pyridine, picoline or potassium carbon-
ate. On the other hand, when R’ is Cj_4 alkoxycar-
bonyl, phenoxycarbonyl or benzyloxycarbonyl, the
reaction at the carbamate nitrogen requires a solvent,
such as dimethylformamide, and the presence of a
strong base, such as sodium hydride.

When s or u is 1, the process proceeds through an
intermediate of formula (XII);



- (XID)

“fo)" \ 4
(CHyy 7\
( _,z)rfN_ H_
(S o) M

4,585,588

- converting the hydroxy moiety in a compound of for- R

10

~ wherein Ry, Ry, R3, n and the configuration of the Ca

and Cp hydrogen atoms are as defined hereinbefore and
&', t' and u’ respectively are the same as s, t and u, as
defined herembefore, with the provrso that at least one

"ofsanduisl. |

The reduction of the carbonyl mmety to g1ve a meth-

ylene moiety is preferably. carried out with diborane or
lithium aluminium hydride. |
- When m in formula (I) is 2 or 3, however, s and u are

15

. 10 .
"The compound of formula (XIII) may be prepared by

~mula (XIV),

wherein Ry, R2, R3, n and the conﬁguratlon of the Cg.~ '

- and Cp hydrogen atoms are as defined hereinbefore and - R
.-one of X and Y is hydrogen and the other is hydroxy- |
- ethyl, into a leaving group (Lg). o B

?.0 leaving group (L), the conversion may be carried out

- by reacting a compound of formula (XIV) with thionyl

preferably 0, thus avoldlng the need for an addltlonal _

~ reduction step.

The conversion of R1 , when C1_4 alkoxycarbonyl

optional conversion of Ri, Rz or R3 in the resulting
compound of formula (I) into another Ry, R; or R3, and

'. ;phenoxycarbonyl or benzyloxycarbonyl into Ry, the 25

the optional formatron of an N-oxide or pharmaceuti-

cally acceptable salt may be carried out as described

hereinbefore.

30

The present invention provrdes a third process for .

preparing a compound of formula (I), wherein m is 2,

- which compnses cycllsmg a compound of formula
(XTI, |

- wherein R/, 'Rz, R, nand theconﬁguration of the C,

35

45

and Cp hydrogen atoms are as defined hereinbefore and

one of V and W is hydrogen and the other is (CHz)ng,

Lo being a leaving group; in the case when Ry’ is Ci—s

alkoxycarbonyl, phenoxycarbonyl or benzyloxycarbo-
nyl, convertmg Rj" into Rj; optionally converting Rj,

Rj or R3in the resultmg compound of formula (I) into |
another Rj, Rz or R3; and optionally forming an N-

‘oxide or pharmaceutically acceptable salt thereof.
- Preferred examples of the leaving group (Ls) include

~ 'halo, such as chloro and bromo, and labile acyloxy,

such as mesyloxy and tosyloxy.
~ The cyclisation may be carried out in a solvent in the

o presence of a base, as described hereinbefore for the
* reaction between compounds of formulae (X) and (XI). -

The conversion of Ry’, when Cj4 alkoxycarbonyl

optional conversion of Ry, Rz or R3 in the resulting.

compound of formula (I) into another R, R; or R3, and
- the optional formation of an N-oxide or pharrnaceutl-
cally acceptable salt may be carried out as described -
| -herembefore | |

50

35

In the case of the aforementroned examples for the

| chlorrde, hydrogen bromide, mesy! or tosyl chloride.

The compound of formula (XIV) may in turn be
prepared by reacting a compound of formula (X), as
hereinbefore defined, with ethylene oxide in a solvent,

‘such as ethanol, at, for example, room temperature. .
- When Ry’ i1s Cq4 alkoxycarbonyl, phenoxycarbonyl or

benzyloxycarbonyl, the reaction occurs preferentially

- at the azepine nitrogen atom so that the major resulting -

compound of formula (XIV) is that wherein X is hy-

droxyethyl and Y is hydrogen. When, on the other
-hand, Ry’ is Ry, the reaction occurs preferentially at the
- nitrogen atom attached to R so that the major resulting -
| ;compound of formula (XIV) is that wherein X is hydro-- I
A gen and Y 1s hydroxyethyl. R
- (XHnn
' prepared from a compound of formula (XV);

The compounds of formulae (II) and (X) can both be

(XV)

/7 \ H

wherein R;’, Ry, R3, n, G and the configuration of the
Cqand Cp hydrogen atoms are as defined hereinbefore;
- (1) in the case of a compound of formula (II), by reaction =~
- with a compound of formula (XI) as defined hereinbe-
- fore, and, in the case where s or u is 1, reducrng the
carbonyl moiety to a methylene moiety; or (ii) in the o

~case of a compound of formula (X), by cyclisation to

(XV) and (XI) to give a compound of formula (Il) may
60 be carried out in a similar manner to the reaction be- -
~ tween the compounds of formulae (X) and (XI), as EERE
~ described hereinbefore. When either  of the leavmg S
| phenoxycarbonyl or benzyloxycarbonyl into Ry, the |

form the azepine ring.

The reaction between the compounds of formulae -

groups (L7 and Lg) in a compound of formula (XI) is

- halo and s or uis 1 when G in formula (XV) is CH,L,

65

L being hydroxy, there is a risk of a side-reaction be- L

- tween the compound of formula (XI) and the hydroxy-

methyl substituent in the compound of formula XV). 1t

is therefore preferred not to use this combmatron of
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variables, for example, by using a compound of formula
(XI), wherein s and u are 0, or by using another value
for the leaving group (L7 or Lg) or the leaving group
(L1). Alternatively, the hydroxymethyl substituent may
be protected using a standard method and then the
reaction with a compound of formula (XI) may be car-

ried out and the resulting compound deprotected using
a standard method.

When s or u is 1, the preparation proceeds through an

10
intermediate of formula (XVI); |

(XVI)

15

(CO)y

((!’:H) N\ H
2
| / Ry’
(CO)y

20

wherein Ri’, Ry, R3, n, G, the configuration of the C,
and Cp hydrogen atoms, s’, t' and u’ are as defined here-
inbefore.

The reduction of the carbonyl moiety may be carried
out in a similar manner to the reduction of the carbonyl
- moiety in an intermediate of formula (XII) although it is
- possible that G, when formyl, carboxy or a Cj4 alkyl
~ester thereof, may be reduced as a side-reaction. For

25

30

- -.such a combination of variables, therefore, it is pre-

ferred to use a selective reducing agent that would
minimise such side-reaction occurring, such as dibo-
rane. Alternatively, as any reduction of formyl, carboxy
or a Cj4 alkyl ester thereof would result mainly in a
~ hydroxymethyl substituent, it may be desirable to allow
" the side-reaction to occur especially as hydroxymethyl
- is a favourable substituent for cyclisation. As a further
-alternative, the hydroxymethyl substituent may be oxi-
dised back to formy! or carboxy using manganese diox-
ide or potassium permanganate and, if a Ci.4 alkyl ester
were required, esterifying the carboxy group so formed.
The cyclisation of a compound of formula (XV) to
give a compound of formula (X) may be carried out in
a similar manner to the cyclisation of a compound of
formula (II). |
The compound of formula (XV) may be prepared by >0
reducing a compound of formula (XVII);

35

45

COOR (XVII)
H
H/ (CHY),
N™ \ 60
/S N\ H
H COOR4

wherein Rj to R4, n and the configuration of the C, and
Cp hydrogen atoms are as defined hereinbefore and Ry; ¢s
is Ci—4 alkyl; optionally converting the hydroxy group

of the hydroxymethyl substituent in the resulting com-
pound of formula (XVIII),

12

OH (XVIII)

N
/ \ H
H COOR4
wherein R to R4, n and the configuration of the C;and
Cp hydrogen atoms are as defined hereinbefore, into
another leaving group (L)), or optionally oxidising the
hydroxymethyl substituent to formyl or carboxy and

optionally esterifying a carboxy group so formed into a
Ci—4 alkyl ester thereof; and optionally converting the

Ci1—4 alkoxycarbonyl, phenoxycarbonyl or benzylox-

ycarbonyl group into Rji.

In order not to reduce the Cj4 alkoxycarbonyl, phe-
noxycarbonyl or benzyloxycarbonyl group, the reduc-
tion of a compound of formula (XVII) is preferably
carried out with lithium aluminium hydride at a low
temperature or with lithium triethylborohydride.

The optional conversion of the hydroxy group of the
hydroxymethyl substituent in the resulting compound
of formula (XVIII) may be carried out conventionally.
For example, the optional conversion of the hydroxy
group into one of the other leaving groups (L), as
defined hereinbefore, may be carried out with thionyl
chloride (when L 1s chloro), phosphorous tribromide
(when L is bromo), a Cj_salcohol and acid (when L is
Ci-4 alkoxy), mesyl or tosyl chloride (when L; is mesyl
or tosyl), a Cj—4 alkanoyl chloride or anhydride (when
L11s Ci4alkanoyloxy) and a Ci.4 alkoxycarbonyl chlo-
ride (when L is Ci_4 alkoxycarbonyloxy).

The optional oxidation of the hydroxymethyl substit-
uent in a compound of formula (XVIII) into formyl,
carboxy or a Cj_4 alkyl ester thereof may be carried out
by reaction with manganese dioxide (to give formyl),
with potassium permanganate (to give carboxy) or with
a mixture of manganese dioxide, sodium cyanide, acetic
acid and a Cj_4 alkanol (to give a Ci4 alkyl ester).

It is preferred however that no conversion of the
hydroxy group or the hydroxymethyl substituent is
carried out and that therefore the leaving group (L)) is
hydroxy.

The optional conversion of Cj;_4 alkoxycarbonyl,
phenoxycarbonyl or benzyloxycarbonyl into R may be
carried out as described hereinbefore. In fact, in relation
to the most preferred process of the present invention,
namely the first process involving the cyclisation of a
compound of formula (II), it is preferred that any such
conversion is carried out at this stage providing of
course that the resulting group (Rj) is not likely to
interfere with the course of any subsequent reaction or
to be affected by it. If, however, either is likely, then it
is preferred to maintain the Ci-4 alkoxycarbonyl, phe-
noxycarbonyl or benzyloxycarbonyl group until after
the subsequent reactions have been carried out and then
to carry out the required conversion. In the preferred
case when, in a compound of formula (XV), G is
CH)L,, L being hydroxy, and Ry’ is R is methyl, it is
particularly advantageous to prepare such compounds
by reducing both ester functions in the corresponding
compound of formula (XVII) in one operation. Thus,
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~ the COORu ester functlon becomes hydroxymethyl |

‘and the COOR4 ester function becomes methyl A con-

“venient reducing agent for such a reduction is lithium

. aluminium hydride, which is preferably used at room

temperature or above in a solvent, such as diethyl ether.

The compound of formula (XVII) may be prepared N

- by reacting a compound of formula (XIX),

' _ _COORy; -
.. Rz o

- wherein R; and Ry are as dcﬁncd hercmbcfore, with a.

‘compound of formula (XX)

XX)

i whcrcin'Rz., R4 andn arc_as dc_fmed hereinbefore.
- The reaction between. the compounds of formulae

(XIX), when R; is hydrogen, and (XX) is preferably
carried out with an excess of the compound of formula -

| '(XIX) as solvent.

Alternatively although less preferred whcn Ry is hy--

- (XIX) |

10

15

25

14

CNCOR4 (XXII)

‘wherein Ry is as defined hercmbeforc o -
The reaction between the compounds of formulae S

(XXII) and (XXIII) is preferably carried out in a sol-

vent, such as toluene, at a tcmperaturc of 25° to 75° C. o
The compound of formula (XXIII) is preferably pre-

pared in situ by reacting a mixture of chlonne and a

compound of formula (XXIV),
H,NCOsR, =y XXIV)

wherein R4 is as defmed herembeforc

The reaction between the compound of formula -
 (XXIV) and chlorine is preferably carried out in buff- o
~ ered aqueous solution. D
‘The compounds of formulae (XIX), (XXI), (XXII) o
- and (XXIV) are known compounds or can be prepared
In a manner similar to the prcparatron of known com-

20
pounds.

The mtermcdlatcs of formulae (ID, (11D, (IV) (IX) |

), (XII), (XII), (XIV), (XV), (XVI), (XVII), and

(XVIII) are novel intermediates and represent part of

the present invention. Collectively they are of formulac _ _; o

- (XXV) and (XXVI);

30

drogen, the compound of formula (XV) may be pre-

- pared by reacting a compound of formula (XXI);

- ORiz (X_XI)

. whercln Rz 1s as defined hcrclnbefore and R12 1s hydro-

- gen or Cj4alkyl, with a compound of formula (XX), as

- defined hereinbefore; in the case when R13is hydrogen,

~ optionally converting the hydroxy group of the hy-
droxymethyl substituent in the resulting compound of
formula (XVIII), as defined hereinbefore, into another
leaving group (L), or optionally oxidising the hydroxy-
methyl substituent to formyl or carboxy and optionally
esterifying a carboxy group so formed into a C;_4 alkyl

‘ester thereof; and optionally converting the Ci_4 alk-

oxycarbonyl, phcnoxycarbonyl or benzyloxycarbonyl
into R;j.

. The reaction between the compounds of formulae
N .(XXI) and (XX) is preferably carried out in a solvent,
~ such as dnnethylformamlde, n the prcsence of barium

- carbonate. -

- The compound of formula (XX) may be prepared by
rcactlng a compound of formula (XXII),

(CHnnﬁ

-wherein R3 and n are as defined hcrembcfore, with a

compound of formula (XXIII), |

(XX

35

- wherein Ry, R3, n and the configuration of the C;and

Cs hydrogen atoms are as defined hereinbefore and

either Z is methylene and either R13is COOR40r Rig,

- Rs4and Rjpbeing as defined hereinbefore, and Rjgand -~
- Ristogether are C;-3 alkylene, or Rj3is Ry, as defined

CxXxv)

N —Xe

CRis )
-/ \ H
Rig

- hereinbefore, and R4 and R;s are both hydrogen, or

45

Ri41s W, as defined herelnbeforo, and Ris1is V, as de-
fined. hcrembcforc, or Rysis Y, as defined hereinbefore,
and R1s51s X, as defined hereinbefore, or Ri4 and Rys

- together are (CO);—'(CHz);'—(CO)_u',. s’, t' and u’ being

~as defined hercmbefore, or Z is J, as hereinbefore de-
fined, R3is Ry, as hereinbefore defined, and Risand

50 Ris togcthcr are 01_3 alkylcne and

35

— :

wherein Rz, R3, n and the conﬁguratlon of the Csand f. "

- Cp hydrogcn atoms are as defined hereinbefore and

65

either Ryg is Ry, as defined hereinbefore, and Rj7and

R g are both hydrogen or together are either Cy_3alkyl- :

ene or (CO)y/—(CH)/—(CO),/, s, t'-and u’ being as

~ defined hereinbefore, and R19is G, as defined hereinbe-

fore, or Ri6is COOR4, R4 being as defined hereinbefore, - '
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Ri17and Rig are both hydrogen and Rj91s COOR1i, Rij
being as defined hereinbefore, or hydroxymethyl.

The present invention also provides a pharmaceutical
composition, which comprises a compound of formuia
(I), or an N-oxide or pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

A pharmaceutical composition of the invention,
which may be prepared by a mixture, is usually adapted
for oral or parenteral administration and, as such, may
be in the form of tablets, capsules, oral liquid prepara-
tions, powders, granules, lozenges, reconstitutable pow-
ders, or injectable or infusable solutions or suspensions.
Orally administrable compositions are generally pre-
ferred.

Tablets and capsules for oral administration may be in
unit dose form, and may contain conventional excipi-
ents, such as binding agents, filiers, tabletting lubricants,
disintegrants and acceptable wetting agents. The tablets
may be coated according to methods well known in
normal pharmaceutical practice.

Oral liquid preparations may be in the form of, for

example, aqueous or oily suspension, solutions, emul-

sions, syrups or elixirs, or may be in the form of a dry
product for reconstitution with water or other suitable
vehicle before use. Such liquid preparations may con-
tain conventtonal addittves such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may

10

15

20

25
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The following Examples illustrate the preparation of
the compounds of the invention. The following De-

scriptions illustrate the preparation of intermediates to
the compounds of the present invention. All tempera-

tures are in degrees celsius and 'Rec’ means recrystal-
lised from.

DESCRIPTION 1
trans-1-Chloro-2-ethoxycarbonylaminoindane (D1)

(D1)

Cl

NHCO;CoHj;

The title compound was prepared according to the
procedure of B. J. Walker and P. J. Wrobel, J.C.S.
Chem. Comm., 1980, 462 (85% vyield; m.p. 82°-84°).

DESCRIPTION 2

trans-1-Chloro-2-ethoxycarbonylamino-1,2,3,4-tetrahy-
dronaphthalene (D2)

(D2)

‘include edible oils), preservatives, and, if desired, con-
ventional flavourings or colourants.
- For parenteral administration, fluid unit dosage forms
~are prepared utilising a compound of the invention, or
-an N-oxide or pharmaceutically acceptable salt thereof
and a stertle vehicle. The compound, depending on the
vehicle and concentration used, can be either suspended
or dissolved in the vehicle. In preparing solutions, the
~compound can be dissolved for injection and filter steri-
-lised before filling into a suitable vial or ampoule and
~sealing. Advantageously, adjuvants such as a local an-
~aesthetic, preservatives and buffering agents are dis-
solved 1n the vehicle. Parenteral suspensions are pre-
pared in substantially the same manner, except that the
compound is suspended in the vehicle instead of being
dissolved and sterilised by exposure to ethylene oxide
before suspension in a sterile vehicle. Advantageously, a
surfactant or wetting agent is included in the composi-
tion to facilitate uniform distribution of the compound.
The dose of the compound used in the treatment of
CNS disorders, such as depression or anxiety, will vary
in the usual way with the seriousness of the disorders, 50
the weight of the sufferer, and other similar factors.
However, as a general guide suitable unit doses may be
0.05 to 10.0 mg., for example 0.2 to 1 mg; and such unit
doses may be administered more than once a day, for
example two or three times a day, so that the total daily 55
dosage 1s 1n the range of about 0.01 to 10 mg/kg; and
- such therapy may extend for a number of weeks or
months. |
The invention also provides a method of treatment of
CNS disorders, in particular depression in mammals 60

30
Cl

HN

35 CO»CyH5s

The title compound was prepared using a procedure
similar to the one employed in Description 1 (74%
yield; m.p. 124°-6°).

DESCRIPTION 3

trans-1-(2-Hydroxymethylanilino)-2-ethoxycar-
bonylamino-1,2,3,4-tetrahydronaphthalene (ID3)

45
OH

N
@
H

NHC0O>C>Hs

(D3)

A solution of trans-1-chloro-2-ethoxycarbonylamino-
1,2,3,4-tetrahydronaphthalene (12.8 g; 0.05 moles) and
o-aminobenzyl alcohol (6.2 g; 0.05 moles) in dry di-
methyl formamide (50 ml) was treated with finely
ground barium carbonate (5.4 g; 0.0275 moles) and

including humans, which comprises administering to
the sufferer an anti-depressant effective amount of a
compound of the invention, or an N-oxide or pharma-
ceutically acceptable salt thereof.

The invention further provides a compound of the
invention, or an N-oxide or pharmaceutically accept-
able salt thereof, for use in the treatment of CNS disor-
ders in particular depression.

65

stirred under nitrogen at 85° for 10 h. The reaction
mixture was diluted with water and extracted into
ether. The combined organic layers were washed ex-
haustively with water, dned (Na;SO4) and concen-
trated 1n vacuo to give a light brown foam (15.6 g)
which was purified on silica gel using 25% ethyl acetate
in petroleum ether 60/80 as eluant. Pooling of pure
fractions produced the title compound as a colourless
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.crystalllne solid (6 1 g, 35%) m.p. 134°-5° (Rec pen-

tane/ether). Earher fractions which were slightly con-

‘taminated with less polar impurity, afforded a further

1.4 g (8%) of the required. product (m.p. 134'—-5 ) after |

- recrystallisation from pentane/ether.
‘Nmr (CDCl3): 6: 1.18 3H,t,J=7), 1.5-2.5 (3H,m),
2.90 2H,m), 4.04 2H,q,J=7), 4.15 (1H,m), 4.57 (2H,s),

475 (2H, overlappmg doublets), 6 65 (1H, m), 7.2

- (6H,m).

DESCRIPTION 4

| trans 1- (2-Methoxycarbonylamlmo) -2-ethoxycar-
| N bonylamlnolndane (D4)

(D4)

- NHCO,C3Hs

trans-1-'Chloro-2-ethoxyoarbony1ammolndane (20 g,
0.084 moles) was treated with methyl anthranilate (60

- ml) and stirred under nitrogen at 60° for 5 hr. The re-

10

15

20

sulting viscous mixture was diluted with ether (500 ml),
washed exhaustively with 2.5N HCI (8 X250 ml), and

‘then with saturated sodium bicarbonate followed by

brine. After drying (Na;SO4) and concentration in

30

‘vacuo a brown solid (25.7 g) was obtained. Crystallisa-
tion from pentane/ether afforded the title compound

(14 g; 58%) m.p. 108°~110°. Concentration of mother

liquors gave a less pure second crop (2.6 g).

~ Nmr (CDCl) 6: 1.21 (3H,tJ —7),
(1H,dd,J=16,6) 3.42 (1H,dd,J=16,7), 3.80 (3H,s),
3.9-4.5 (3H, m, overlapping signals), 4.92 (1H,d,J=5),
4,95 (2H, m, overlappmg signals), 6.65 (lH m), 7.26
(6H, m), 7.94 (1H,dd,J =9, 1.5). ,_

DESCRIPTION 3

trans-l (2-Hydroxymethylanﬂ1no)—2-ethoxycar-
bonylammomdane D5

-

o NH__COzCsz

A solution of the ester D4 (1.0 g, 2.8 mmoles) in dry
- tetrahydrofuran (6 ml) was cooled below —10° under
~ nitrogen and treated dropwise with Super-hydride

(Lithium triethylborohydride) (10 ml of a IM Tetrahy-

- drofuran solution). Stirring was continued overnight at

35
2.30

45

>0

- 55

- 327 m.
25

give the tltle compound as a colourless solid (0 75 £,
81%) m.p. 115°-7° (rec. ether/pentane). |
Nmr (CDC13) o: 117 (BH,t,J=7),

(IH broad), 6.5-7.5 (8H,m).
| DESCRIPTION 6

trans-1-(4-Methoxy- 2-hydroxymethylan111no) 2-ethox- |

yearbonylammomdane (D6)

NHC02C2H5 |

A solution of 2-amino-5-methoxybenzyl alcohol (5 g;
mol) and trans-1-chloro-2-ethoxycar-
bonylaminoindane (7.83 g; 32.7 m.mol) in dimethyl-
formamide (80 ml) was treated with barium carbonate

(3.37 g; 17 m.mol) in a manner similar to that in Descrip-

tion 3 to give the title compound (5.1 g; 44%), m.p.
142°-144° (from ethyl acetate). -

Nmr (CDCl3) 8: 1.08(3H,t,CO,CH,CH3); 2.40-3.45.
(2H,dd, 2 X CH); 3.60(3H,s,0CH3); 4.40(2H,s,CH,0OH);

3.50-4.80(5H,m,CO,CH,+ NHCH + OH); 5.47 (1H, ds

Hz ;CH); 6. 40—7 40(7H m,aromatic CH)
' DESCRIPTION 7

| trans- -Ethoxycarbonylanuno-l 2,11, Ila-tetrahydro-

6H-benzo[f]indeno(]1 ,7-bclazepine (D7)

oy

NHCO,C>Hs

The alcohol prepared in D&cription 5 (8.6 g; O. 026
moles) was dissolved in methanesulphonic acid (86 g; 58

- ml) and the cooled solution was treated with phospho-
- rus pentoxide (17.2 g) and stirred at room temperature

for 4 days. The mixture was poured onto ice, neutralised

- to pH7 (40% NaOH) and extracted into ether. The o
"~ organic layers were washed (water), dried (Na;SO4) - |
- and concentrated in vacuo to give a yellow foam (6.4 g)

containing two faster running products on tlc (Rf values

- 0.77 and 0.6-SiOz/petroleum ether/ether-3/1). The

- room temperature. The reaction mixture was then

- cooled below 0° and treated with water (1 ml) followed

| by SN HCI (25 ml). After stirring for 30 mins. the mix-

- ture was diluted with pentane. The aqueous layer was

~ washed with ether (2 <20 ml) basified (40% NaOH) and

extracted into ether. The organic phase was washed
(brine), dried (Na2804) and concentrated in :vacuo to

65

mixture was separated on silica gel using 20% ethyl
acetate in petroleum ether as eluant. The more polar

component corresponded to the title compound and

was isolated as a colourless crystallme solid (1.87 g, - '

23%). o
Nmr (CDC13) 5 128 (HtJ=7),
(1H,dd,J=16,10, 3.15 (1H,dd,J=16,8), 3.63

(1H,d,J=15), 4,25 (SH, overlapping signals), 4.68 (1H, o

- d,J —-8) 5.07 (1H, broad doublet) 6. 5-—7 3 (7H m)

276
(1H,dd,J=16,8), 3.34 (1H,ddJ=168), 402 (2Hq,
J=7), 4.35 (1IH,m), 4.62 (2H s), 4.82 (IHdJ-—7), 495

257
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DESCRIPTION B8

trans-1-Ethoxycarbonylamino-1,2,3,7,12,12a-hexahy-
drobenzolflnaphth[1,8-bclazepine (D8) 5

(D8)

10

NHCO,CsHs5

15

The title compound was prepared using a procedure
analogous to the one outlined in Description 7 (21%
yield).

Nmr (CDCl3) o: 1.25 (3H,t,J=7), 1.5-2.8 (2QH,m),
2.85 (2H, m), 3.38 (1H,d,J=15), 3.75-4.90 (4H, overlap-
ping signals), 4.85 (1H,d,J=15), 4.95 (1H,d,broad), 5.07
(1H,d,J=6), 6.35-7.4 (TH,m).

20

25
DESCRIPTION 9

trans-1-Ethoxycarbonylamino-11-bromoacetyl-
- 1,2,11,11a-tetrahydro-6H-benzo(f}indeno[1,7-bc]aze-

30
pine (D9)
(D9)
35
40
NHCO,2C-Hjs
Br
Bromoacetyl bromide (0.88 ml; 0.01 moles) was 45

added dropwise to a solution of the amine prepared in
Description 7 (3.08 g; 0.01 moles) in dry methylene
chloride (25 ml) containing finely ground potassium
carbonate (2.76 g; 0.02 moles) and cooled to 0°, Stirring
was continued for 27 hours and during this period a
further portion (0.2 ml) of bromoacetyl bromide was
added. The mixture was then treated with water and
after separation of the organic phase the aqueous layer
was extracted with methylene chloride. The combined
organic layers were washed (water), dried, (NaxSOy)
and concentrated in vacuo to give a yellow solid. Purifi-
cation by trituration with pentane/ether afforded the 60
iltle compound as a colourless crystalline solid (4.1 g;
95%) m.p. 207.5°-210° C. (rec. ether).

Nmr (CDCl3) o: 133 (@(GHtJ=7), 275
(i4,dd,H=15,10), 3.32 (1H,dd,J=16,8), 3.44
(1H,d,J=13), 3.80 (2H,s), 4.2 (4H,overlapping signals),
6.1 (2H,overlapping doublets) 6.8-7.5 (7TH, m).

30

3
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DESCRIPTION 10

trans-1-Ethoxycarbonylamino-12-bromoacetyl-
1,2,3,7,12,12a-hexahydrobenzo|f]napth[1,8-bc]azepine

(D10)
(D10)
S NHCO»C>H5

Br

The title compound was prepared using a procedure
similar to the one outlined in Description 9 (77% yield).

Nmr (CDCl3) o6: 1,30 3H,t,J=7), 2.0 (2H,m), 2,80
(2H,m), 3,44 (1HdJ=14), 3,65 (1H,d,J=10), 3,72
(1H,d,J=10), 3,89 (1Hm), 4.19 (2H,qJ=7), 4,53
(1H,d,J=14), 5,54 (1H,d,J=9), 5,97 (1H,d,J=10), 6,97
(3H,m), 7,30 (4H,m).

DESCRIPTION 11

trans-10-0Ox0-1,10,11,12,12a,12b-Hexahydro-SH-9b,12-
diazabenzo[5,6]lcycloheptall,2,3,4-def]fluorene-12-car-
boxylic acid ethyl ester (D11)

(D11)

A solution of the urethane prepared in Description 9
(3.35 g; 7.8 mmoles) in dry dimethyl formamide (200 ml)
was added over a period of 30 minutes to a stirred sus-
pension of sodium hydride (0.26 g of 80% dispersion in
oil; 8.6 mmoles) in the same dry solvent (20 ml) under
nitrogen. Reaction temperature was maintained below
5° during addition and then allowed to rise to room
temperature while stirring was continued for a further 3
h. The mixture was then carefully diluted with water
and extracted into ether. The organic phase was washed
exhaustively with water, dried (Na;SO4) and concen-
trated to give the title compound as a pale yellow solid
(2.35 g; 90%) which was used without further purifica-
tion.

Nmr (CDCl3) o6: 135 @H,tJ=7), 275
(1H,dd,J=16,10), 3,50 (1H,d,J=14), 3.55 (1H,dd,over-
lapping), 3.65-4.50 (4H,overlapping signals), 4.86
(1H,d,J=16), 5.35 (1H,d,J=11), 6.80-7.40 (6H,m), 7.60
(1H,m).



~ into ether The drled (NazSO4) organic phase was con-
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 DESCRIPTION 12

| trans-ll-Oxe 1,2,6,11, 12, 13 13a 13b-0ctahydre-10b 13-
:dlazabenzo[gh]pleladene-13-earboxy11c acid ethyl ester 5

(Dl?-)

_ - - N 20
- The title compound was prepared using the method

| _eutllned m Descnptlen 11 (yield 75%) o
- Nmr (CDClg) 5: 1.35 (3H t,J=17), 2. 85 (3H m) 3 50

(2H,m), 3.80-4.50 (SH,overlapping ~signals), 4.95 25
- (1H,4, J =16), 5. 33(1H d J—ll), 6. 80—7 40 (7H,m)

DESCRIPTION 13

) : o
o trans-l 10 11, 12 123,12b-Hexahydro-5H-9b 12-diaza-

~ benzo[5, 6]cyclehepta[1 2,3, 4~def]ﬂuerene-12-carboxy-
' ' hc acid ethyl ester (D13) '

35

o)

: C02¢2H5

A selutlen ef the urethane prepared in Descrlptlon 1 I
' (22 g; 6. 3 mmeles) 1n dry tetrahydrofuran (15 ml) was
- added dropwise to 10.5 ml of IM dlborane in tetrahy-
| drofuran cooled to ice temperature under mtrogen The
. solutlon was then refluxed fer 2 hours. After cooling to
- —~10° the mlxture was carefully acidified (SN HCl) and 55

- stirred for 30 mms Solvent was removed i In vaeuo and

the remdue treated with 2N NaOH before extraction : (100 g) in ethyl acetate contalmng mcreasmg amounts

~ centrated in vacuo to gwe a foam (1 9 g) Purification
on sﬂlca gel usmg 15% ethyl acetate in petroleum ether

o 60/ 80 as eluant afforded the title compound as a coleur- .
| ~ less foam (1.45 g 70%) S s

- Nmr (CDCl3) 8 1.32 (3H t,J= --7), 3. 0——47 (12H,m),'_
| _6 6—73(7Hm) g

4,585,588
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15

45,

30 e
~ml), under a nitrogen atmosphere, at 0°. The mixture

“_22. o
DESCRIPTION 14

 trans-1,2, 6 11,12,13, 13a,13b-0ctahydro-10b 13-
dlazabenzo[gh]pleladene-13-carbexyhc acid ethyl ester

(D14)

- (D14)

- CO2C2Hs -

" The title compound was preﬁared using a' method -
similar to the one outlined in Descnptlon 13. R
- Nmr (CDCh) o: 1.20 (3H,t,J =T), 1. 50-2. SO (2H m) o

2.75 2H,m), 3. 25-4,40 (9H,m,over1appmg 31gnals) 452

(lH d,J=13), 7.0 (7TH,m).

DESCRIPTION 15

trans-l (4-Methexy-2-hydrexymethylamhno) 2—
| methylammomdane (D15)

D15)

- NHCHj3

| A solution of the carbamate prepared in Descnptlen : B
6 (4.00 g; 11.23 m.mol) in dry tetrahydrefuran (20 ml) B
. was added drep_wlse to a _ stlr:ed _sespensmn_ of lithium

aluminium hydride (1.0 g; 26.3 m.mol)_in_d:yrether (10

was allowed to warm to room temperature and stirring

- continued for 2 days. The excess of -hydride was decom- S
‘posed as described in Example Iéa'and werk-up gave a o
brown gum (2.66 g). Chremategraphy on Kieseigel 60

-of methanol gave: the title eompound as a pale gum -
(1.086 g; 33%). ' '

‘Nmr  (CDCL) & 237(3H s,NCHg,),_
2 50-3. 90(6H br,CH2+CH+2><NH+0H) |

3.64(3H,5,0CH3); S 44‘7(2HsCH20H),_ o
4.50-4.78(1H,d,CH); 654—6 85 and  7.05-7.30 .

(7H m,aremattc CH)
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DESCRIPTION 16

trans-4-(4-Methoxy-2-hydroxymethylphenyl)-1-methyl-
2,3,4,4a,9,9a-hexahydro-1H-indeno[1,2-b]pyrazine

(D16)
HO (D16)

CH30O |

N ’
. :
N
N

CHj

A solution of the diamine prepared in Description 15
(880 mg; 2.95 m.mol) and dry triethylamine (2 ml) in
dibromoethane (6 ml) was added dropwise, over 30 min,
to dibromoethane (10 ml) at 100° with stirring, under a
nitrogen atmosphere. After 1 hr, triethylamine (2 mi)
was added and stirring continued for a further 1 hr at
100°. The mixture was allowed to cool to room temper-
ature and then partitioned between dilute sodium hy-
droxide (200 ml) and chloroform (200 ml). The organic
phase was washed with water (2 X100 ml), saturated
orine (50 ml) and dried (K2CO3). Evaporation in vacuo
gave a buff solid (0.8 g) which was recrystallised from 3°©
chloroform-ether to give the title compound as off-
white crystals (478 mg; 50%), m.p. 179°~183°,

20

25

Nmr (CDCl3): 0: 2.35-3.25
(8H,m,3XCH;+CH+OH), 240 (3H,5,NCH3),
3.83(3H,5,0CH3), 4.20(1H,d J9 Hz,CH), 4.50-5.00(2- 3
H,ABq, J13 Hz,CH,OH), 6.15(1H,dJ8 Hz,CH),

6.75-7.45 (6H,m,aromatic).

DESCRIPTION 17

trans-1-(2-Hydroxymethylanilino)-2-methylaminoin- 49
dane (D17)

OH

(D17)
45

>0

A solution of trans 1-(2-methoxycarbonylanilino)-2- 55
ethoxycarbonylaminoindane (1.73 kg; 4.9 moles) in di-
ethyl ether (36 1) was added dropwise to a suspension of
lithium aluminium hydride (900 g; 23.7 moles) in diethyl
ether (28 1), under nitrogen, over a period of ca 1.5 h.
After stirring overnight at room temperature the excess 60
lithium aluminium hydride was carefully decomposed
with water (2.5 1), and 10% sodium hydroxide (301) and
water (5 1) was added. The organic layer was separated
and the aqueous phase extracted with two further por-
tions of ether (220 1). The combined extracts were 65
washed (water), dried (MgSO4) and concentrated.
Crystallisation from ethyl acetate/pet. ether afforded
the title compound (1.17 Kg; 89%) m.p. 113°-4°,

24
Nmr (CDCI3) 6: 2.2 (2H, brs, exchanges with D,0),
2.45 (3H,s), 2.5-3.5 (3H, overlapping signals), 4.6 (ZH,s),

s 4.8 (1H, t, J=8), 5.07 (1H, d, J=8, exchanges with

D,0), 6.5-7.5 (8H,m).

DESCRIPTION 18

trans-4-(5-Chloro-2-hydroxymethylphenyl)-1-methyl-
2,3,4,4a,9,9a-hexahydro-1H-indeno[1,2-b]pyrazine
(D18)

HO (D18)

The title compound was prepared in a manner similar

to that in Description 16.

Nmr (CDCl3) o: 2.35 (3H,s,NCH3), 2.40-3.40 (7H,
overlapping signals), 4.18 (1H,d,J9 Hz), 4.40-5.00 (2H,
ABq, J13 Hz, CH;0H) 6.10 (1H,d, J7 Hz, aromatic CH)
6.60-7.40 (6H,m,aromatic CH).

DESCRIPTION 19

trans-4-(2-Hydroxymethyl-4-methylphenyl)-1-methyl-
2,3,4,4a,9,9a-hexahydro-1H-indeno[1,2-b]pyrazine
(D19)

HO (D19)

‘The title compound was prepared in a manner similar

to that in Description 16.

Nmr (CDCl3) o: 2.34 and 2.38 (2X3H,s, 2 X CH3),
2.30-3.25 (7H,overlapping signals), 4.17 (1H,d,J9 Hz,
CH), 4.25-5.20 (3H,m,CH>0H), 6.10 (1H,d, J7 Hz, aro-
matic CH), 6.53-7.25 (6H,m, aromatic CH).
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DESCRIPTION 20

' trans-4-(2-Hydr0xymethylphenyl) 1-methyl- 2 3,4,4a,9-
,9a-hexahydro-1H-indeno[1,2-b]pyrazine (D20)

(D20)

| CH3

A solution of trans 1-(2-hydroxymethylanilino)-2-
- methylaminoindane (1.16 kg; 4.3 moles) in 1,2
dibromoethane (7 ], 17.1 moles) and triethylamine (2.5 I;

‘34 moles) was added dropwise to stirred 1,2-dibromoe-

20

- min methyl iodide (0.14 ml; 2.2 mmoles) was added and
- the mixture was stirred for a further 30 min. The reac- o

4,585,588
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DESCRIPTION 22
trans- l—Methylamlno 1,2,3,7,12 12a-hexahydrobenzo[f-
| ]naphth[l 8-bclazepine (D22)

(D22)

~ NH
CH;

A solution of the product of Description 8 (644 mg;,

2.0 mmoles) in dry dimethylformamﬁc (4 ml) was

thane (13 I; 31.9 moles) at ca. 100° over a period of 1.5

. h. This was followed by triethylamine (2.5 1; 34 moles) -

“added dropwise over 30 min. The reaction was cooled

~ to 50° and diethyl ether (80 1) was added with good

stirring. After stirring for 1 h the precipitated trie-
thylammonium bromide was filtered off and the result-

ing solution concentrated in vacuo to ca 3.5 1. Addition
~ of ethyl acetate (2.5 1) assisted crystallisation of the
- required product. Filtration and trituration (pet. ether)

25

added dropwise to a suspensxon of sodium hydndc (66
mg of an 80% dispersion in oil; 2.2 mmoles) in the same
dry solvent (1 ml) cooled to 0° under nitrogen. After 12

tion was then diluted with water and extracted into
ether. The organic phase was washed exhaustively with

" water, dried (Na;SOy4) and concentrated to give trans-1-

~ (N-ethoxycarbonyl-N-methylamino)-1,2,3,7,12,12a-

hexahydrobenzo[f]napth[1,8-bclazepine as a yellow '

- foam (0.64 g; 96%). A solution of this product (0.57 g;

30

_ afforded the title compound as a white crystalllne solid

(687 g; 54%) m.p. 166-7°.
Nmr (CDCl3) 6: 2.3-3.4 (10H, overlappmg mgnals),

43 (1H,d,J=9), 4.62 (1H,dJ=13), 49 (IHbrs, ex-

c:hange with D;0), 5.0 (lH dJ=13), 6.15 (1H,d J_S),
6.7-7.6(THm). .

, DESCRIPTION 21

trans—l-Methylammo—l 2,11 lla-tetrahydro-GH-bcn- N

o zo[f]mdeno[l 7-bc]azep1nc (D21)

- (D20

- A solution of the product of Descnptlon 7 (1.16 g;

376 mmoles) in dry tetrahydrofuran (20 ml) was added
to a stirred suspension of lithium aluminium hydride
(0.42 g; 11.0 mmoles) in the same dry solvent (20 ml)

- under mitrogen. The mixture was refluxed for 1 h. After

- treatment with wet ether followed by careful addition

- of water the precipitate was filtered off and the filtrate . (1.4 g; 4.0 mmoles) in dry tetrahydrofuran (10 ml) was

added dropwise to a stirred suspenston.of lithium alu-

~ concentrated to give the title compound as a dark oil

(0.80 g; 85%). Maleatc salt m.p. 182°-4° (Rec aceto- -

‘ne/ether).
Nmr (CDCI3) 8: 2. 2-—2 7 (2H m, overlappmg mgnals),

2.6 (3H, ), 3.0~3.5 (2H, m), 3.75 (1H, d, J=16),4.3 (1H,

d, J= 16),450(1H d, J= 9) 66—73(7H m)

35

1.7 mmoles) in ethanol (25 ml) was treated with sodium

hydroxide (8 ml of a 40% aqueous solution) and the

mixture refluxed under nitrogen for 26 h. Solvent was

removed in vacuo and the residue was diluted with

water and extracted into ether. Further purification by
. extraction into 2N HCI followed by neutralisation and

back extractions into ether afforded the title compound

~as a yellow gum (0.30 g; 67%) Wthh crystalllsed on - .

- standing.

45

>0

95

65

(5H,m), 3.40 (1H,d,J=15), _ o
(1H,d,J=5), 6.3-7.3 (TH,m). Treatment with D20 re-
~ sulted in exchange of two protons in thc multiplet at
- 83.75. |

Nmr (CDCI3) 5: 1.5-2.8 (2H,m), 2.55 (3H,s) 275
4.82 (1H,dJ=15), 4.96

EXAMPLE Ia

trans-lZ-MethyI-l 10, 11 12, 123,12b-hexahydr0—5H- _:
- 9b,12-diazabenzo[5,6]cyclohepta[1,2,3 4-def]fluorene
(E1) |

(El)

A solution of the urethane prepared in Description 13

minium hydride (0.45 g; 12.0 mmoles) in the same dry

solvent (4 ml) under nitrogen, and the mixture was o
~ refluxed for 50 mins. Excess hydride was destroyed =
- with wet ether and after careful treatment with water

~ the precipitate of aluminium oxides was filtered off and
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the filtrate concentrated in vacuo to give the title com-
pound as a light yellow foam (0.98 g; 89%) which crys-
tallised on addition of acetone.m.p. 151°-2° (from pen-
tane/ethyl acetate). )

Nmr é: 2.20 (1H,ddd,J=10,10,6), 2.35 (3H,s), 2.50
(1H,ddd,J=12,12,3), 2.61 (1H,dd,J=14,11), 2.87
(1H,m), 2.88 (1H,dd,J=14,6), 3.45 (1H,d,J=13), 3.69
(1H,ddd,J=14.5,11,3), 3.87 (1H,ddd,J=14,3,3), 4.37
(1H,d,J=13), 4.48 (1H,d,J=10), 6.7-7.3 (7TH,m).

Treatment of the free base with 1 equivalent of maleic
acid in acetone solution afforded the maleate salt. m.p. s
183°~5° (from acetone/ether).

10

C H N

20
Found

Cz3H24N204 Requires

70.32
70.39

6.25
6.16

- 7.01
1.14

EXAMPLE Ib (Alternative Procedure) 25

(EI)

30

335

trans-4-(2-Hydroxymethyiphenyl)-1-methyl-
2,3,4,4a,9,9a-hexahydro-1H-indeno{1,2-bjpyrazine (680
g; 2.31 moles) was added to stirring orthophosphoric
acld (6.8 1 of an 88% solution) at ca 90°. After 1 h the
mixture was poured onto a mixture of ice (20 kg) and

chloroform (12.5 1) and stirred vigorously as 40% so-
dium hydroxide solution was carefully added to neutral-

ise the acid while the temperature was maintained
below 45°, The organic layer was separated and the 50
aqueous phase extracted with two further portions of
chloroform. The combined chloroform layers were
washed (water), dried (MgSQO4) and concentrated in
vacuo. Purification by flash chromatography, using pet. >
ether/acetone (70/30) as eluant, followed by crystallisa-
tion afforded the title compound as a colourless solid
(560 g; 88%). m.p. 151°-2° (Rec twice pentane/ethyl 60
acetate).

45

28

EXAMPLE II

trans-13-methyl-1,2,6,11,12,13,13a,13b-octahydro-
10b,13-diazabenzofgh]pleiadene (EII)

(EII)

Title compound was prepared from the urethane of
Description 14 in a manner analogous to the procedure
outlined in Example 1a.

Nmr (CDCl3) 6: 1.50-4.0 (14H overlapping signals)
4.90 (1H,d,J=13), 7.1 (7TH,m).

Maleate Salt—m.p. 116°-7°,

C H N
Found 70.49 6.45 6.72
Ca24H36N204 Requires: 70.92 6.45 6.89
EXAMPLE III

trans-7-Methoxy-12-methyl-1,10,11,12,12a,12b-hexahy-
dro-5H-9b,12-diazabenzo{5,6]cyclohepta[l,2,3,4-def]-
fluorene (EIII)

(EHI)

The alcohol prepared in Description 16 (450 mg; 1.39
m.mol) in orthophosphoric acid (6 ml) was stirred at 95°
for 8 h and then allowed to cool to room temperature.
The mixture was poured into water (200 ml), basified
with 40% sodium hydroxide solution and extracted
with chloroform (2X 150 ml). The combined extracts
were dried (K2CO3) and evaporation in vacuo gave a
brown gum. Chromatography on Kieselgel 60 (10 g) in
10% methanol-ethyl acetate gave the title compound as
a gum (276 mg, 65%), which solidified on standing.

Nmr (CDCl;3) o: 2.36(3H,s,NCH3), 3.45(1H,d,J13
Hz,bridgehead CH), 3.74 (3H,s,0CH3), 4.33(1H,d,J13
Hz,bridgehead CH).

A portion (250 mg) of the above was converted into

a monomaleate salt (200 mg), m.p. 208.5°-210° (from
methanol-ether).

10.30 63

10.13

7.27
1.29

82.43
82.57

Found
C19HyoN> Requires

C H N
Found: 68.03 6.16 6.70
Ca4H76N205 Requires: 68.23 6.20 6.63
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EXAMPLE v

 trans-7, 12-D1methy1-1 10,11,12,12a, 12b-hexahydro-5H-
9b 12—dlazabenzo[5 6]oyclohepta[1 2,3 4-deﬂﬂuorene 5

(EIV)
(EIV)
CH3 | . N -
-The title compound WaS .prl_cpared from the alcohol of ¥

Description 19 in a similar manner to Example III and
- converted into a maleate salt m.p. 207°-211° (dec) (from
acetone).

4,585,588
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EXAMPLE VI

 trans-7-Hydroxy-12-methyl-1,10,11,12,12a,12b-hexahy-

- dro-5H-9b,12-diazabenzo[5,6]cyclohepta[1,2,3 4-defj
. - fluorene (EVI) -

CE®VD

CHj3

"A solution of the methoxy compound prepared 1in
Example III (10 mg; 0.033 mmoles) in 47% aqueous

hydrobromic acid (1 ml) was heated under reflux for 5 =

hr and then allowed to cool to room temperature. The

~ mixture was diluted with water (20 ml), made basic (pH ==
about 14) with 40% sodium hydroxide solution and

extracted with chloroform. The pH of the aqueous

layer was adjusted to 7 with conc. hydrochloric acid

and extraction with chloroform (2 X 20 ml) removed the
produot The extracts were dried (MgSOj4) and evapo-
ration in vacuo gave a brown gum which was fraction-

_ated by preparative layer chromatography on silica

using 10% methanol-ethyl acetate to develop the plates.
The band at Rf 0.47 afforded the title compound as a
pale yellow gum (3 mg; 32%) which solidified on stand-

c H N
Found | 7045 632 684
C24H26N204 Requres: 70.92 ) 6.45 6.89 30
 Nmr (dDMSO) &: 2. 18 - (3H, s,CH3), 2.85 ing.
(3H,s NCH3), 6.97 and 7 15 (2><3H,s,aromatlc CH) 35 Nmr (CDC13) | S: 12.00-3.00
- - - (6H,m,(CH3)2+CH+OH); 235 (3H,s,NCH3);

EXAMPLE v 3.43(1H,d,) 14 'Hz,  CH  bridgehead);

trans-B Chloro-l2-methyl 1,10,11,12,12a 12b-hexahy-

dro-SH-—9b 12-diazabenzof5, 6]cyclohepta[1 2,3 ,4-def]-

- . fluorene (EV)

- 45

| CHy

The title compound was prepared from the alcohol of 55

Description 18 in a similar manner to Example III.
- Nmr (CDC13) 5: 2.30-3.10 (6H, overlapplng signals),
2,34 (3H,5,NCH3), 3.37 (lH d,J14 Hz, bridgehead CH),

- 3.53-3.85 (1H,m,CH), 4.26 (1H,d,J14 Hz, bridgehead 60
CH), 4.45 (1H,d,J9 Hz,CH), 6.50-7.15 (6H,m,aromatic

- Found M+: 310.1242.

- Ci9H19N2Cl requires '31_0.1237.'
A portion of the title compound was converted into a -
‘maleate salt, m.p. 195°~197° (from acetone).

65

~ 3.55-3.80(2H,m,CH>);

50

4.15-4. 45(2H m,CH  bndge-
head + NCH); 6.55-7.15 (6H,m, aromatlc) : |
Found M+ 292.1572.

- Ci9H20N20 requires 292.1576. -

- EXAMPLE VII

~ trans-1, 10 11, 12 12a,12b-Hexahydro-5H- 9b 12- ]
dlazabenzo[S 6]cyolohepta[1 2,3 4-dof]ﬂuorene (EVII) |

@V

N
3
H

- The product obtained in Example I (13.8 g; 0.05

~ moles) in dry toluene (150 ml) was treated with ethyl =
chloroformate (48 ml, 0.50 moles) and the mixture re- .
fluxed for 7 h. After concentration in vacuo excess
.~ reagent was removed by azeotropic distillation with
- several portions of toluene. The residue was partitioned

between water and ether, and the aqueous layer ex-
tracted with two further portions of ether. The com-
bined organic layers were washed (brine), dried (Nas.
SO4) and concentrated to give a crude foam (17 g)

N ,_contalnmg the reqmred trans-l 10,11,12,12a, 12b-hex-__ :
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ahydro-SH-9b,12-diazabenzo[5,6]cyclohepta[l ,2,3,4-
def]fluorene-12-carboxylic acid ethyl ester. A solution
of this product in ethanol (300 ml) was treated with
sodium hydroxide (50 ml of a 40% aqueous solution) )
and refluxed under nitrogen for 6 h. After concentration
in vacuo the reaction mixture was diluted with water
and extracted into ether. The organic phase was washed 0
(brine), dried (NaS0O4) and concentrated to a dark
foam. Chromatographic separation on silica using 30%
methanol in ethyl acetate as eluant afforded the title

compound as an off-white solid (3.8 g; 30%) m.p.

15
132.5°-135° (Rec. ethyl acetate/petroleum ether 60/80).
Nmr (CDCl3) 6: 2.5-4.0 (9H,m,overlapping signals),
4.32 (1H,d,J=13), 4.39 (1H,d,J=10), 6.6-7.3 (TH,m).
20
C H N
Found 82.38 6.92 10.53
CigH18Ns Requires 82.41 6.92 10.67 75
EXAMPLE VIII
trans-12-Benzyl-1,10,11,12,12a,12b-hexahydro-5SH-  3g
9b,12-diazabenzo}$,6]cycloheptal1,2,3,4-def]fluorene
(EVIIID)
(EVIID) 33
40
CH>CgHs
45

A solution of the product of Example VII (500 mg;
1.90 m moles) in acetone (25 ml) containing benzyl
bromide (0.25 ml; 2.1 m moles) and potassium carbonate 5
(290 mg; 2.1 m moles) was stirred at room temperature
for 6 h. After concentration in vacuo the residue was
ireated with water and extracted into ether. The or-
ganic phase was washed (brine), dried (Na;SO4) and
concentrated. Purification on silica gel using ethyl ace-
tate as eluant afforded the title compound as a colour-
less solid {0.55 g; 82%)).

Nmr (CDCl3) 6: 2.1-3.0 (SH,m,overlapping signals),
3.16 (1H, 4, J=13), 3.45 (1H, d, J=13), 3.7 2H, m,
overlapping signals), 4.0 (1H, d, J=13), 4.2-4.65 (2H,
overlapping doublets), 6.6-7.6 (12H,m).

Treatment of the free base with one equivalent of 65
maleic acid in acetone solution afforded the maleate

salt. m.p. 212°-5" (dec) (Rec. acetone).

35

60

32

EXAMPLE IX

trans-12-(Prop-2-enyl)-1,10,11,12,12a,12b-hexahydro-
S H-9b,12-diaza-benzo|5,6]cyclohepta[1,2,3,4-def]fluo-
rene (EIX)

(EIX)

CH;~CH=CH;

The title compound was prepared by treatment of
trans-1,10,11,12,12a,12b-hexahydro-SH-9b, 12-diazaben-
zo[5,6]cyclohepta[1,2,3,4-def]fluorene with allyl bro-
mide using a procedure similar to the one outlined in
Example VIII. Maleate salt m.p. 187°-190° (dec).

Nmr (CDCl3) o6: 2.1-3.1 (6H,m), 3.45 (1H,d,J=13),
3.55-3.90 3H,m), 44 (1H,d,J=13), 4.5 (1H,d,J=9),
5.25-5.35 (2H,m), 5.75-6.25 (1H,m), 6.65-7.35 (TH,m).

EXAMPLE X

trans-12-(Prop-2-ynyl)-1,10,11,12,12a,12b-hexahydro-
dYH-9b,12-diazabenzo-[5,6]cycloheptall,2,3,4-def]fluo-
rene (EX)

(EX)

CH;~C=CH

The title compound was prepared by treatment of
trans-1,10,11,12,12a,12b-hexahydro-5SH-9b, 12-
diazabenzo[5,6]cyclohepta[l,2,3,4-def]|fluorene with
propargyl bromide using a procedure similar to one
outhned in Example VIII. Maleate salt m.p. 165°-70°,

Nmr (CDCl3) &: 2.0-2.95 (6H,m), 3.35-3.90 (S§H,m),
4.35 (1H,d,J=14), 4.50 (1H,d,J=8), 6.65-7.25 (TH,m).

EXAMPLE XI

trans-12-(2-Hydroxyethyl)-1,10,11,12,12a,12b-hexahy-
dro
SH-9b,12-diazabenzo[$5,6]cyclohepta[l,2,3,4-def]fluo-
rene (EXI)

(EXI)

CH>CH,OH
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A solution of the product of Example vII (0 5 8190  Treatment of the free base with 1 equivalent of malclc .

- m moles) in methanol (30 ml) containing potassium  acid in acetone solution gave the maleate salt, m.p.
- carbonate (0.26 g; 1.90 m moles) was treated with ethyl- 170=_2= - |

- ene oxide as a gas for several minutes, and stirred over- _ N
- night at room temperature. After concentration in ° - EXAMPLE XIr

- vacuo, the residue was treated with water and extracted trans-lz-Ethyl 1,10,11,12,12a, 12b-hexahydro 5H-9b 12- -
~ into ether. The orgamc phase was dried (Na;SO4) and

- solvent removed in vacuo. Purification on silica gel o
- using diethyl ether as eluant progressively increasing 10
~ the polarity by adding up to 30% ethyl acetate, afforded
the title compound as a cream solid (0.35 g; 60%).

- Nmr (CDCl3) &: 2.0~3.1 (8H, m), 3.45 (1H,d,J=14), -

- 3.6-3.85 (4H,m), 4.35 (lHdJ-14) 4.45 (lHdJ 10),

_' 67—74(7Hm) . 15
‘Treatment of the free base with 1 equwalent of maleic
ac1d in acetone gave the maleate. salt m.p. 175“—7“

' CHzCHj

.. ¢ H N B
— _ AU _ A solution oftheproduct ofExamplc VII (OSg, 1. 90- o
- Found: 0 68.13 - 614 - 669 | :
© CyoHpN»O Requires: 6823 620 663  mmoles) in dry dichloromethane (8 ml) was cooled in -

* diazabenzo[5,6]cyclohepta[1,2,3 4-def)fluorene (EXII) =

C@Exmp

‘an ice-bath and treated with acetic anhydride (0.233 g; - '

25 2.3 m moles) in one portion. After stirring at room tem-

. _ EXAMPLE Xnm - perature for 0.5 h the reaction mixture was treated with
trans-12-(2-Methoxycthyl) 1,10,11, 12 12a, 12b-hexahy- - Wwater and extracted into dichloromethane. The organic

dro-SH-9b 12-diazabenzol5, 6]cyclohepta[l 2,3, 4—def] - phase was dried (Na;SO4) and solvent removed in

ﬂuorene (EXII) __ 3 0: .
. _ o ‘eluant  afforded the required = trans-12-acetyl-
~@xwy  1,10,11,12,12a,12b-hexahydro-5H-9b, 12-diazaben-

- (0.54 g; 93%). o -

35 This compound was reduced accordlng to the
method of Example XII, to give the title compound and
the maleate salt prepared similarly, m.p. 188°~9° (dec.).

- Nmr (CDCl) &: 1.15 (3H,t,J=8), 2.05-3.10 (TH, m,

I Ty overlapping peaks), 3.45 (1HdJ—-14), 3.60-4.05

~ CHyCH;0CH; - " (2H,m), 4.375 (1H,d,J=14), 4.50 (IHdJ=8), 6.65-7.35
o ' o (7H m, overlapplng peaks) - | |

A solution of the product of Example VII (0.5 g; 190 ,
‘m moles) in pyridine (3 ml) was cooled in anicebath =~ = EXAMPLE XIV . -
and treated with methoxyacetyl chloride (0.4ml;4.38 m 45 trans-12-Cyclohexylmethyl-1,10,11,12, 12&,12b-hexahy- |

moles). After stirring at room temperature for 0.5 h the  dro-5H-9b,12-diazabenzo[5, 6]cycloh¢pta[l 2, 3 4.defj

~ reaction mixture was treated with water and extracted o ﬂuorenc (EXIV)

~ filtrate concentrated in vacuo. Purification on silica gel

into ether. The organic phase was washed once with

IM hydrochlonc acid, dried (Na;SOa), and concen-
trated in vacuo. Purification on silica gel using diethyl 50
‘ether as eluant afforded the required trans-12-(methox-
.yacetyl) 1,10,11,12, 12a,12b-hexahydro-SH-9b,12- |
‘diazabenzo[5,6]cyclohepta[1,2,3,4-def] fluorene as a
brown solid (0.35 g; 55%). A solution of this compound
(0.35 g; 1.05 m moles) in dry tctrahydrofu'ran (15 ml) >
was added dropwise to a stirred suspensmn of lithium
aluminium hydride (0.125 g; 3.2 m moles) in the same
~dry solvent (5 ml) under nitrogen, and the mixture was
refluxed for 3 h. Excess hydride was destroyed with 60
wet ether and, after careful treatment with water, the
precipitate of aluminium oxides was filtered off and the

o . .

. The title compound was prepared acoordlhg to the

using- 50% ethyl acetate in diethyl ether as eluant af-
forded the title compound as a brown oil (0.26 g; 78%). ¢5 (dec).
Nmr (CDCl3) &: 2.1-3.1 (7H,m), 3.35 (3H,s),  Nmr (CDCl3) 8 0.65-3.0 (IBH m, overlappmg mg—_
 3.45-3.95 (SH,m), 4.33 (lH d,J=14), 4.48 (lH dJ= 10) - nals), 3.6-3.9 (GH,m), (1H,d,J=14), |

66-73 (7H m). o _ (lHdJ 10), 6.6-7.4 (7H,m) I

_ vVacuo. Punﬁcatlon on silica gel using d1cthyl ether as o

zo[5,6]cyclohepta[1,2,3 4~def_|ﬂuorenc as a whltc solid

method of Example XII. Maleate salt m. p 197“—9' o
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EXAMPLE XV

trans-12-(3-Oxobutyl)-1,10,11,12,12a,12b-hexahydro-
SH-9b,12-diazabenzo[5,6]cyclohepta[1,2,3,4-def]fluo-
rene (EXV)

(EXV)

CH->CH,COCH;

A solution of the product of Example VII (0.5 g; 1.90
m moles) in 1,4-dioxan (40 ml) was treated with methyl
vinyl ketone (0 .23 ml; 2.8 m mol) and stirred at 100°
under nitrogen for 15 h. Concentration in vacuo fol-
lowed by purification of the residue on silica gel using
J0% ethyl acetate 60°-80° petroleum ether afforded the
title compound as a beige solid (0.48 g; 76%).

Nmr (CDCl3) &: 2.20 (3H,s), 2.40-3.00 (9H,m, over-
lapping signals), 3.42 (1H,d,J=14), 3.50-3.80 (2H,m),
4.33 (1H,d,J=14), 4.44 (1H,d,J=10), 6.75-7.25 (TH,m).

Treatment of the free base with 1 equivalent of maleic

acid in acetone gave the maleate salt, m.p. 148°-50°,

EXAMPLE XVI

trans-12-(2-Ethoxycarbonylethyl)-1,10,11,12,12a,12b-
hexahydro-5H-9b,12-diazabenzo[5,6]cyclohep-
ta[1,2,3,4-def]fluorene (EXVI)

(EXVI)

CH>CH»CO»CoHj;

The title compound was prepared from ethyl acrylate
according to the method of Example XV. Maleate salt
m.p. 178°-183° (dec).

Nmr (CDCl3) o6: 1.28 (3H,t,J=38), 2.1-3.2 (9H,m,
overlapping signals), 3.30-3.85 (3H,m), 3.90-4.50
(4H,m), 6.65-7.25 (7H,m).

D
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EXAMPLE XVII

trans-12-(21-dimethylaminoethyl)-1,10,11,12,12a,12b-
hexahydro-5H-9b,12-diazabenzo[5,6]cyclohep-
ta[1,2,3,4-def]fluorene (EXVII)

(EXVII)

N(CH3)2

A solution of the product of Example VII (0.50 g;
1.91 mmoles) in dry methylene chloride (10 ml) contain-
ing anhydrous potassium carbonate (0.29 g) was cooled
in ice and treated dropwise with bromoacetyl bromide
(0.183 ml; 2.1 mmoles). The reaction was allowed to
warm to room temperature. After 1 h the reaction mix-
ture was diluted with methylene chloride and washed
with water. Drying (Na;S04) followed by concentra-
tion 1n vacuo afforded trans-12-(bromoacetyl)-
1,10,11,12,12a,12b-hexahydro-5H-9b,12-diazaben-
zo[5,6]cycloheptall,2,3,4-def]fluorene as a light brown
foam (0.73 g). This material was dissolved in a mixture
of ethanol (50 ml) and 1,4-dioxan (25 ml) and treated
with dimethylamine (5§ ml of 33% w/w solution in in-
dustrial methylated spirits). After 0.5 h the solvent was
removed 1 vacuo, and trituration of the residue with
ether afforded an off white solid characterised as trans-
12-(dimethylaminoacetyl)-1,10,11,12,12a,12b-diazaben-
zo[5,6]cyclohepta[1,2,3,4-def]fluorene. Refluxing this
product in dry tetrahydrofuran (100 ml) with lithium
aluminium hydride (0.21 g; 5.7 mmoles) for 2 h afforded
the title compound as a light brown oil (0.45 g; 70%).

Nmr (CDCl3) o6: 2.30 (6H,s), 2.30-3.15 (9H,m, over-
lapping signals), 3.43 (1H,d,J=13), 3.55-3.90 (2H,m),
4.35 (1H,d4,J=13), 4.50 (1H,d,J=9), 6.6-7.3 (7TH,m).

PHARMACOLOGY

Compounds of the invention inhibit the behavioural
symptoms induced by S-methoxy-N,N-dimethyltrypta-
mine (3-MDMT), a central 5-hydroxytryptamine ago-

nist, and are central SHT antagonists. As such they

would be expected to possess antidepressant (Ogren, S
O, Fuxe, K, Agnati, L F, Gustafsson J A, Jonsson, G,
and Holm A C, 1979, J Neural Trans, 46, 85~103) and-
/or anxiolytic (Stein, L, Kline, D, and Bellugi, J D,
1975, in Advances in Biochemical Psychopharmacol-
ogy, ed Costa, E, and Greengard, P, Vol 14, 29-44,
Raven Press, NY) activity.

METHOD

Mice ( & CD-1 Charles River) are pretreated with the
compounds (10 animals/group) under investigation and
1 h later are injected with 10 mg/kg i.p. 5-methoxy-
N,N-dimethyltryptamine (Sigma). The symptoms of
fore-paw tapping movements, head jerks and splayed
limbs are scored: 1, present; 0, absent, giving a maxi-
mum score of 3/mouse or 30/group. Results are ex-
pressed as the percentage inhibition compared to the
group treated with 5-methoxy-N,N-dimethyltryptamine
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alone The dose of compound inhibiting the symptoms
by 50% 1s determmed graphlcally The results are
shown in Table 1. |

No toxic effects were observed in the above tests.
| | TABLE 1 N

Compound EDso mg/kg (p.o.)

trans-12- Methyl-1,10,11, 12,122, 12b,- B
hexahydro-5H-—9b,12-diazabenzol5, 6] | |

| cyclohepta[l,2,3,4,-def]fluorene .

o (Example 1) |

10

 BIOCHEMISTRY b
~ Blockade of presynaptlc ag-adrenoceptors on nora-
‘drenegic neurones effects an increase in intrasynaptic -
- noradrenaline, and thus in the central nervous system
~could be expected to have an antidepressant effect.
. [3H}-Clonidine binds.to aj-adrenoceptor sites and
inhibition of this binding correlates with the blockade of
az-adrenoceptors.  In vitro inhibition by some of the

20

~present compounds of the binding of [3H]-clonidine to
25
was

“isolated rat-brain synaptic membrane fragments w
therefore determined to. prov1de an indication of antide-

- pressant activity. This was carried out using standard
- ..biochemical binding study techniques, by the method of
Maggi et al, Eur. J. Pharm. 1980, 61, 91. ICsg values

~were obtained from log [dose] against % inhibition -

-~ curves; Ki values were determined using the Cheng-
o Prusoff equatlon The results are shown in Table 2

TABLE 2

- Compound | 3
 trans-12- Methyl 1,10,11,12,12a,12b-
‘hexahydro-5H—9b,12-diazabenzo[5,6)

- cyclohepta[1,2,3 Meﬂﬂuorene |

- (Example I) -

~ trans-13- Methyl-l 2, 6 11,12,13,13a,
13b-octahydro-10b, l3-dlazabcnzo

- [gh]pleladene (Example II)

- Ki(nm)
- 88

169

~ What we claim is: .
- 1. A compound of formula (XXV) - 45
5 _. _ (xxv).'._

50

35
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pine;
- ahydrobenzo[f]naphth[1,8-bc]azepine;

- octahydro-10b,

pine.
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 wherein R and Rj3 are the same or different and are

‘hydrogen, hydroxy, Cj4 alkyl, Ci.4 alkoxy, Cj.4 alkyl- . '.

| o thio, halogen, or trifluoromethyl, and nis 1 or 2, the =~
| | hydrogen atom bonded to the C, carbon atom being =

TOXICITY S . ydrog a n atom being

~ atom and either:

trans to the hydrogen atom bonded to the Cp carbon B

(I) Z 1s methylene; and

‘Rj131s COOR4o0r Rjo, R4be1ng C1.4alkyl phenyl or

benzyl and Rjo being Cj4 alkyl substituted by .
halogen or halocarbonyl or, Ci.4 alkylcarbonyl],
Ci.7 cycloalkylcarbonyl, Ci.7 cycloalkyl Ci.3

- alkylcarbonyl or halo Cj4 alkylcarbonyl, and "

Ris and Rjs together are Ci.3 alkylene, or |
Ry3 is hydrogen, Cj.7 alkyl, Ci.7 cycloalkyl, Cq4.7

cycloalkenyl or Ci4 alkyl substituted by C,7 =
~alkenyl, Cy.7 alkynyl, C3.7 cycloalkyl, hydroxy,
- thiol, Cy.4 alkoxy, Ci4 alkylthio, carboxy, C14
alkoxycarbonyl, C;.4 alkanoyl, amino optionally -

- substituted by one or two Cj.4 alkyl or. by Cs

~ polymethylene 0ptlonally containing an oxygen :

~or nitrogen atom, amino carbonyl optionally

N-substituted by one or two Cji.4 alkyl, or ben- - | -
~ zoyl or phenyl either being optionally ring-sub-

- stituted by Cj4 alkyl, Cj4 alkoxy, halogen or
- trifluoromethyl or Cj.4 alkoxycarbonyl, phenox-

“Rjsare both hydrogen, or Risis W and Rysis V,
wherein one of V and W is hydrogen and the

- other i1s (CH2) Lo, Lo being a leaving group, or .

one of Rj4 and R5is hydrogen and the other is
- hydroxylethyl, or Rijs and Rjs together are
(CO)y—(CH32)r—(CO)y, whereins’and u' are 0~
and t' is O to 3 such that s'+t'+u’ is 1 to 3, with
provxso that at least one of s’ and u' is 1; or
(II) Z is CO or CHOH; and
'Rj3is as defined above, and R4 and R1 5 together
are Ci.3 alkylene.

2. A compound according to claim 1, selected from
the group consisting of: trans-1-ethoxycarbonylamino-

1,2,11,11a-tetrahydro-6H-benzo[f]indeno[1,7-bc]aze-
trans-1-ethoxycarbonylamino-1,2,3,7,12,12a-hex-
- trans-10-oxo-
1,10,11,12,12a,12b-hexahydro-5H-9b,12-diazaben- o

- zo[5,6]cyclohepta[1,2,3 4-def]ﬂuorene-l2-carboxy11o g

acid ethyl ester; trans-11-oxo-1,2,6,11,12,13,13a, 13b-

1_2-dlazabenzo[5 6]cycloheptafl,2,3,4-
def]fluorene-12-carboxylic acid ethyl ester; trans-
1,2,6,11,12,13,13a,13b-octahydro-10b,13-diazaben-

_zo[gh]pleladene-13—carboxyhc acid ethyl ester; trans-l- -
- methylamino-1,2,11 11a-tetrahydro-GH-bcnzo[f]m- |
deno[1, 7-bc]azepme

and  trans-1-methylamino-
1,2,3,7,12,12a-hexahydrobenzoff]naphth[1,8-bcjaze-

'*j_***-#.
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ycarbonyl or benzyloxycarbonyl, and Rj4 and o

13-dlazabenzo[gh]ple1adene-13-car- -
boxylic acid ethyl ester; trans-1,10,11,12,12a,12b-hex-
ahydro-5H-9b,
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